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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and an apparatus for 
measuring the oxygen concentration of a gas to be measured continuously 
and accurately for a long time even if the oxygen concentration is 
increased. 

SOLUTION: A gas to be measured is introduced to a first processing zone 6 
and the partial pressure of oxygen in the atmosphere is lowered to a level 
allowing control of the partial pressure of oxygen in second processing zone 
7 by means of first electrochemical pump cells 4a, 16, 18. It is then 
introduced to the second processing zone 7 and oxygen in the atmosphere f " : 
is pumped up by means of second electrochemical pump cells 4c, 28, 30 and 
the partial pressure of oxygen in the atmosphere is controlled to a level 
substantially having no effect on the measurement of the component of gas. 
Subsequently, it is introduced to a second processing zone 8 where the 
oxygen, being produced through reduction or decomposition of component 
gas to be measured, is pumped up by means of third electrochemical pump :i? 
cells 4c, 36, 38. Quantity of the gas component is determined based on the 
pump current of third electrochemical pump cell 4c, 36, 38. 
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ot. g^J^-TSlO-iO a t m<Dmm-ftHE.t?£Z> X 0 
iz.%mtfftt£t>ft>ZV>X'3bZ> 0 BPt>, SS— <DrtSfBffi/3f6 



#3iiissi 2», %— <Dm.%.fc¥#)X>7±Mznm$: 

Tt^5o 

[0 0 4 5] I-©rt^f6rtl:*^tli, 0» 

SB«>t!aW^^^J:5*0J», MKttfc-*4 2lci5flD 

m, ^!lx.{4*NO-»l/2N 2 + 1/2 02 <»Rfc&fcZ\ 

bt£^MmftmT<z>vtm*Mi&£tix^?> a v-tzu m 

NOx^iS7c^4x5t, ^<0^=(75F^SU^glf8F*1TWN 
O x <DjEflfc*8J5&i*tii3lE* < ttZfrbXh *) , r ©left 
(CfcVNT, OrtgP^fllf6l*3^*5V>-C, NOx©l 

5£«1S2 2CD&JR/&»0 {~TNOxaSit7E£4x#&V^ 

[0 0 4 6] tr^t', ^-5«^©^-coS«^W 

4xi±*mM'ft^«)ir >V"tMz T^ttJ $ 4X5 ffliJS«S 2 2 

t, «ttf0~2 0%i:ffltt5i:, K*-«>rtffl3ggf 
6rtco#ffl^a5#a^4x5ft(0(^)$p^ (7) i*jcd#B 

M»wtt-t©»c(OrtlB|^Bf (8) F*W#ffl^<£>®?»# 
BEfl, M*^^'t-5J:5fw/«c5»T?4>5 0 r4xtt, $fe 

^•Iw*3tt5*ffi2 8, 3 0Ha<E>i@m^®IS3 6, 3 8 

-t cd— 0ij 2 (c^R $ 4xx v ^ 5 „ 
[0 0 4 7] r ©HI 2 (4, 0~ 
2 0 %KlKflS $ -tirfe t # OjfSHOrtSlJSSf 8 OKH^BE 
<omt. BP*>, mHrt«i|7Ky7°«<13 6 irmH^llijTKy 
T'WffiS 8 icofflcofi«^ : E<Dmit. R{fiW.$tmBL 3 
4(CTV3 =4 3 OmVTODUfci:tcDsKyy«^ : I 

jggas5%£j@/L5«l:9fc:ft5i:, ^=«?rt^9f 81*9 
©#H«©»*^£E39 J *f»Ciai < * 5 £ i: ^ 4xT v > 
5. 7^*3, rcD0 2 ^— cof^SP^Bt6F*9(D^ 

-rtilij^v^fliffi 1 6 t Lt, A u £ 1 %^irP t ^ 
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iZr02 k<DffiSltmi:6 0 : 4 0 t Ltcf— * y Y 
««5rffl^5— »ar&7 OOtlcRJtU ffltitttS 
2 2£>®EE#S4 3 0mVI:*5J; 5 K "J^jSI 2 0<£>« 

[0 0 4 8] ^-Wrtg)5^Bf6rt©#|ffl^ 
OlXtr, *-©**Mb3 £ tt#V'7'-feyi' (4a, 1 6, 
18) (C-Ct&^mU-Ct, *^5«-<0rtgR^Bf6*»?> 

4" 0>»*»«#as < 4 5 r t K <£ 5 . mikm* 
t, r<Dfci6, ^<£>«fc Jft^fiTK&^T, #fflft<Ptf> 
NO x £«?5 LT4 DfcSi?ri^W*y7'-fe;K; 
Ta^-ttibT. *<0#>'mSfcKi0NOx*«:«IJ5feL 

n ^jJS^tdi- 5 - £ t ft 9 , ^<Dfc#>K, 

no xmvjEwmfe&mmkftzoT-hZo 

[0 0 4 9] ^rt% Bll»w*$ix5*#^JKi3VNT 

IB— ©•St'fk^W^vr-fe/w (4c, 2 8, 3 0) #151 
(4c, 2 8, 3 0) e>tf>yftmzx.o 

fit £ & L#, KTN O x ©IteClfWCif^^v^ 
[0 0 5 0] ftfc, r©»nort»ffi0f7rtK*svN-c 

Hi 6^»£ift2 2ir|^«{r, ««]£*^l;»t5» 

[0 0 5 1] H*fc, i3l:ll, %—<D'&%ik¥#)rt^ 
^t;H:*tLT, itt8fc«8£3 2j:0 4 3 0mV©SE5r 
EMD-tfrL&T, #>:/#»£fTftfc>L*!>, 02tlSI«ft 

e.*»ft*p<, %i—(»mm.ik^mx^7*^;v(ntf>-7°ww) 

[0 0 5 2] ttx, _Bfi(D*a< L-cfB^:ort»S9f 7 
fe*#i$iISSl 4£iIoT, j^oifctMSStoTK, $g 



S3 6 £*=*MWsKl'7 f mffi 3 8 irWfflld, 
S*-|RltC, ^(7?«JE, Wx.U'4 3 0mV (7 0 0°C) 

twK*««*steT-e:U«)feix. BI*«Sttl 0"10 a t 
mi: ft"?, NOxilTcto^i: LTt«t8-T5, KrtOlJ* 
V/ig3 6<£>/^9t-*3^-C, NOx#il7C$tv5^ 
«8, «S]x.lJ*N0^1/2N 2 +l/2 0 2 OSJ6* J «ie 
$tl/5^«T»-«iJ»*4x50T?*>5 0 roil, fRHro 

8 C**»*v5#fflfJ«ti fip*>, fg-tfx*]^ 
ff7rt©#ffl«t«»>«>KStf*«i:*Hrt«>K^^tlS3 6 
i:tnox *sjkc $ ixras^ Lfc&lsit^ t tcjt^j 

Wtf^ir/W-Sfcix-SfcflEtt, NOxOjg^frJt^tJ-rs 
flriSilSSl 4»rr*JPS$iv5NOx<offit5:*(c^LT 

[0 0 5 3] <Z>9.^t¥#3#^-7±MZT 

0. 0 2 p pmT\ »|^f>©NOx^fe5NO 
M^lOOppmitSi, NO^JKcS^tMt 
5$?HfJ»^5 0 p pm<big-»rtg|5£m7l*J<£>#ffl*.'£ 
©®E*}§^ 0 . 02ppmt CDfP : 5 0. 0 2 ppmt 
4Ba-*-5««!Js«yx5r ifcft5<£>T'$>9, tot, £ 

tfoifcSsaflf^tt^t-S <t 5 ftr i tft^<75TS>5. 
[0 0 5 4] H^K. E4(i, NOx^fcSNOjME 
Sri 0 0 p pmld^L, N2 X J Ttfxk Lfcfe 

mmjf* f (omm^&i: o ~ 2 0 % tc^k $ *fe t # 

(I P ) ©gflsSr^U-Ci^*. ft*3, *— , i-SO'f 
JEI14 3 0mV^Jit^5, rcDl24tf>ii£*a»ib9§S> 

ftut. No»^ii < t5jK>'7 ,, m^tt (1 p) \cm 

(I P ) ?>tv5<Dic^LT, IB-<o«»^^WsKv 
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Mz.tst}z>#>7m&m (i P ) hmikm±v, 

j6, #>7°m»Stfit (I p) *»fcN0«SS:H*ll*«)5 

[0055] roi?!^ wi^xtfomta 

Si:i5iM<tHll S/Ntt#*#<ft!J, ffi 

H5il. JB-. JB=X0t« = O««ifc^W*i/^-fe/u 

^Lfcfc^iSlTfw&^T, i*»5%, N 2 
!i7^tt5M$#x^(ONOM5r0~l 0 p p 

#>-7TBflE (Ip) ©3£flS«r^LT^5tfJ, r©05<t 
•^"b^ftftK , 10ppmWT©ffi;M»NO-Ct> 

JcSL^7Kv7 ,, eM« s #f>^, ^<D4 5*ffii«©NOfi| 

[0 0 5 6] ft*3, _hxELfcJ:W!ltr*5^T, «— 0>rt 
SB^Bf 6 SO'fS— cortSB^Hff 7 KEg $ *i-5fg— 
^-f^fiiJsK y/fS 16,28 ^iSiJ^ltffi 2 2 Ht, (bJ^ 

(NOx) SrJS5c^tt»»L*v^«>T*>5j6&S 

tt^ttOfcV^lXttteV^ffi&JR. WittAu, N 

Pt, Pd, R h^<7?*^Jg|cmrf5Au, NifOttI 
t£Oft^&JS&^flDLTft-5£-&£rfflV\ if— y j/ Mi 

EETK*5^T, fl^tO»lf#7M (NOx) £ 

*13 6i:LT, RhXttPtWS, 

P t«ffiJil::Rh*««ffi«:E«*Lit>fcfc«>*p'fe 
[0 0 5 7] fatUZLTfc. Hfi^ONOx-fe^iJ-t'^lt 
rt«jK>'7'«flil 6. 2 8, 3 6^«6*®2 214. « 
tiT'feSr i-5Sa*L<, #fc«jj%©*I<, NOx 31 
fcoTte, RhtP t#CD^*P<©NOxSrJ§7cL#5^ 
h5:ti«giU>. NOxil7ctofflEf4, ^5© 



[0058] titc. *&m\m?fflfe$imi!>K ±.m<n>m 
4 8 5 5 \^\z&^xmbt^\^iz&m<nmwbm*m 

[0 0 5 9] r©06tc:^$ti5^0iJ{C*5V^T(4. W 
0iJ 4: I4^ft 9 . IB— ort«p^9f 7 t fS = 0>rt»£0f 8 i 
75 s — $ tvT , — ocD#fflE£ ft ?> ft 5 £-#F*3 

^HF*3ffii|^>^«^3 6^E$tl-TV^5 4r r^ti, 
ft»«*s*5. EP*>, ^»rt«RS0?9tt, S-©«H/ 

#j*iIS&l 3 Srlotl- OrtgC^3f6^P>#tA*vP> 

o , Rumwmmwm 4 a , 4b. 4 cK-oBdtSfis 
^- (omMAt^m^ 4 z mm<v# >y^m & 

=rt«ij#>yi;ffi3 6 JcTfrftfrixS a^Sfg 
= rt«jK>r»Bi3 6*»e>*=^MH|sK>'7'«ffi3 8^0 

^V^-fe/K^TKVT-mSfc (Ip) *s*«E«-4 0KT|j| 

[0 0 6 0] 07II/T$il5ffiO»JtJ)oT 
14, I3 6lc^$tu5^tf4mft l 5. Sl^iAMl 
0F^^Bag$tv5«^b¥W-t^f-ir/KDS2p«ffi2 4 

=*MM#>7' , fflS3 8 — o©*iifl|4 4{CT«^ 

$tiTVN5i:r^{r, ft*5, roipftir 

4:1*, ±u<Dm6izfjk£ftzmtmMX'hz 0 

[0 0 6 1] k^*>X\ ±IH<DA#:^!|T'{4, ^HcD^S 
y-^|d*3^T, NOx^ro«Jffl^^^SrS7c75M 

t/J^<ft5 iri* 1 ?), ?ft/h£ ft 

«SrtftWi-«lw«:. »?gft«*^ s ^4:ft50T**)5 
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5 ifffisois^, mmizmmziiz ztkttznx- 
[oo6 2] -rft*>*>, ^©iui-y-yctj^T, m 

m& fiJc^fi » 5 <t 5 t w U -b © T'fe o T , * CO 
[0 0 6 3] rcOEI8^^$n5r|iJ^B (ir^) 

ift4 8 a^sp^jn Ai §gg i o rticRM-r 6 i 5 
n#ma?fCJi 4 c ±iz&v e,titfc »9 , e>9i£tts 
4 6 isspm8i4 8 kmftnmwm4 c ttiot, a* 

<s^x, tthm&nm* 6 tmmnm4 sicwcf 

SrirdJ; 9, a^3fiiJ5g®ffi4 6 coJS •? co#ffl«co^ 
i»#J£, (NOx) c051t£^ 

[0 0 6 4] rcoi p^M^gf-feV^TIl, »JS** 
^ffe5NOxfe5NO^0ppm©it, fg— <£> 

6<l*>'7'-fe/Hc:*Sft-5^>'7 , aBEiJS4 3 0 mV(c*B=|-r 
(1 o-io a tm ) {zUmi-Zk. &Wm&ffi9 
F*j <£>#BM t" £ # v f v ^ Lft t+*U±\ frfrZG 

fcftnQm$n<r>&m%$><r>mmfc£.\> io-w a t m 
t * 9 » ffly^m® 4 6 1 sjpim 48i vmommt) 

»4, 4 3 0mVt45 0 ^:t\ 0Jx.»i\ lOppm© 
NO^Wl^tCfffttSt, ffll£WE4 6 fcflME 

r5^5>« *^5Ste«S4 6T*tt, NOcDjt^c^jg 
*5<OT*>5. &-g-f-*U±\ i9J5g*I4 6 £S2p*&4 

8 ti#t«ii4c an* mawis^w-fci' 



g £ r. i t = ft 5 <£> T* & 5 o 

[0 0 6 5] ^rLT, rcoaiJ^td^UTtt. SSlJ^jtf^. 
■t>cONO^^0cOi:#co®ft^cD^t4^, Jl#>Tfi 

TffiTU g?*j8^^0%cO#^-cO4 3 OmV^ib, & 
^S>» s 2 0%ift5 fc, &mt)teZ 8 OmVt, 50 
m V t CD * ft £ ^-T W X' h 3 „ 
[0 0 6 6] L*»L.ft#P>, **St*oTtt. ^— <0 

*t5JWW!ITHt, ^— rt(|ij^^^«®2 8 *Mffljj? 
>7mMZ 0 £@#ft#?«J14 a, 4 b, 4ciH4 

■fe^*«J*i-*«l«»ffi4 6 iS?li4 8 £©RBK:3B 

[0 0 6 7] H*»w, B8«c^$n5^B«^tc*5V^ 

*U3 0mVJ:Sn, Jg— OrtSBSSf 6S^#rt^ 
SfBrtO^fflSC't'WKif^ffi* 1 0-10 at mtC^Jffll-ti- 
L.fefc^Tf-*3V>T, O2 : 5%, ^-tyrptf^:N 
2 ^Sil^^^cONOx^feSNOSrO. 8~40 
p p mlzmt $ -ttfc i # coaiJ^mH 46i 4 8 

1 0 p p mC75©ffll^T*gm^«. ltj5 0mV^t;L, r. 

tiK£<o. ^.m^'^^oNommr-i&m^xh^x 

•5cOT-£-5„ 

[0 0 6 8] ft*5, r<D±?ft, e«^cDffliJ^fc«toT 

5^*t^i3V^T, ft IS (a) 14, mmm: 2 0 pm, « 
7L* : 2 0%CD^?LSC-y— ^ s/ h *» feft 5«9^«B 4 6 

*:<Di><D<Dumm,tn.<Dm&X'3bz 0 &m (b) aik 

(a) T?*LfcS!J^«ffi«>±»w. ^7L*: 1 0%, ff 
* : 2 0 tim<o£HKi?^-Tm*WLl-ttcm'&-(:h 

&m (a) \zit-<xmm^^ B rcoiptcsy^s 

^/J5±75S"9S<ft5cOT-fe>J, rcofc*, ®«^<D^t; 
tt±t<ft5tc0(0, StEI-J: t?^L-fe0 2 T'«^gp 
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[0 0 6 9] W±cO*^0ijT-|i. ffiHl-b, »J5£ 

H^f&ftb UTNOx*SM^t 3*i/CV*3jS*. grift. * 

C0 2 «ott££<t>. *S&Cjaffl*ii4»5'bo-c*>5r: 
[0 0 7 0] *38W*s, ^ ^^-co*PfSt^^<3v ^ 

[0 0 7 1] 

»rft 5 wis*' * tp ff>m&ifxi&ft<omfej3&Rxfmj£ 

S«^iH»f, aSSS^^f *i^Wt-t©3C 
tet::{sj^OJi^£ tgtt 5 r i: ft < , ttSte*^ 

* <o 5 £j£ L fc jK V TTMM'jB** 5 

[0072] sfc, *»wiwj;ixtf, wmmtr^^<Dm 
[mi] *5sw»-«e5ai3e*fit«5No x 

attfllfc^-f-tftWEI-Cfco-C, (a) tt, ^O^pffiljiBJ 
0T*&9, (b) te, (a) C0A-ABlT®(r*5tt5MSP 

[0 2] tHW*^f^«f«>i6**ft»i«i-5, NOxty 



7X'h& 0 

[03] *»PJK:tt5Sl5&fc«K#tt.5. WJ«**^cf 

[H4] m—<om^k¥&jx^y-tji<£ftW)itv£>fci§i 

[05] *»Mir«5»JSS«S:fflV^T»?)*Lfc, »J 
[0 6] #*Wfc«pW£S&»©«»«0>--o*5rt\ 

01 (b) icMi&~r zmmmwrnx-hz. 

[0 7] *»W^fl6 5«3ei6««>te«)aEJg«Sr^-'. 0 
l (b) i:Mt5»IiiIf*5„ 

[0 8] &&m^m5mfemw<oi&<DM<#mi:7ii-F. 0 

1 (b) I^JEi-5WrB»MH-e*)5. 

[09] *^^r^oT^#^btt^.mal]S**^4 , <^No^» 

4a, 4b, 4c, 4 d , 4e. 4 f @#:«»Kg 

6 m—vft^m 

7 ^—^rtSP^m 

8 fgHtf>f*|gP£/5r 

9 -&#rt«B2g9f 

1 0 **^«a@AiiS& 

1 2 ^-<^>*£t5:#itjiSg 

1 3 Jgn <7>fc»#iSiiS& 

1 4 IgHO&fcflijgiiSg 

1 6 m~ftm#>7°m.M 

1 8 ^-^{RiJ^V^flffi 

2 o wrag«BE 

2 2, 4 6 SiJ^Sffi 

24,48 &~mnm 

2 6,5 0 mffiStf 

2 8 ff§-rttt'J*>^«i 

3 0 y7ti 
3 2,3 4 BHffltK 

3 6 S5 = rtflljK>'7Ttffi 

3 8 £j=*MW!l?v7 , 1tffi 

4 0 

4 2 t-^ 
4 4 
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«*0«**S7fJ««E^fflBT2#56^- 0 



